Natural disaster is a major challenge to tourism destinations. Thus, a vulnerability analysis is required as a part of disaster risk reduction to ensure their sustainability. This study aimed to present an analysis of the tourism vulnerability framework for those areas that face natural prone disasters. To achieve the study purpose, the framework was developed through a review of research papers that focusing on the application of vulnerability approach in sustainable tourism discourse. The search databases used for literature review including Google Scholar, SCOPUS and Science Direct. The primary result is discussed using the constructs of Vulnerability Framework for Sustainable Tourism Development (VFSTD), which composed of several elements: shocks-stressors, exposure, sensitivity and system adaptiveness. The VFSTF is fundamentally adopted from Turner Vulnerability Analysis in Sustainability Science, which highlights the integration of vulnerability approach and sustainability science as a system. For tourism as a core, VFSTD would helpful in clarifying the fundamental of vulnerability analysis and enhancing the effectiveness of risk reduction action for tourism in disaster-prone areas. Particularly, users of VFSTD would able to explore the factors and processes that create and perpetuate vulnerability to natural disasters in tourism destinations and elicit adjustment and feedback to encourage tourism sustainability more holistically.
Introduction
Tourism industry has been globally expanding year-on-year and has become one of the drivers for economic development in many countries. As per United Nation World Tourism Organization (2018), the arrivals of international tourists increased worldwide in 2017 by 7% to 1,322 million and this momentum is expected to continue in 2018 at a rate of 4-5%. To support the tourists' demands, they allow access to extreme and fragile natural environments that potentially offer spectacular attractions to tourists. For instance, mountainous areas are an increasingly popular tourism destination for tourists because of their magnificent biophysical characteristics. Jodha (1991) discussed the specificities of mountainous areas including inaccessibility, fragility, marginality, diversity, and ecological niches, which these characteristics of mountainous areas acted as both notable attractions and hindrances for nature-based tourism (Nyaupane & Chhetri, 2009) .
Natural disasters (i.e. earthquakes, volcanic eruptions, tsunamis, hurricanes, etc.) are unavoidable and uncertain which their impacts on tourism particularly nature-based destinations are violent and severe (Kato, 2017; Fukao, 2015; Orchiston, 2013; Tsai & Chen, 2010; Sutherland et al., 2007; Prideaux, 2003) . Tourism is vulnerable to natural disasters because of the business' lack of preparedness and knowledge as well as inadequate location-based hazard and vulnerability assessments (Le Masson & Kelman, 2011 ) and tourism's limited integration with national disaster management systems (Hystad & Keller, 2008; Faulkner 2001) . Simpson and Gladin (2008) indicated that incentives could be required to promote good practice in Disaster Risk Reduction (DRR) amongst tourism operators. Recently, the focus shifted from that of reactive response measures to a comprehensive, participatory and proactive disaster planning (Innocenti & Albrito, 2011) .
Consequently, a comprehensive action plan for tourism operations during natural disasters is critical to ensure its viability and sustainability. For that purpose, one of the important preparatory steps of disaster management for sustainable development is vulnerability assessment (Adger, 2006) . There are certain vulnerability frameworks that particularly focus on global environmental change (see IPCC, 2007; Smit & Wandel, 2006; Birkmann, 2006; Adger, 2006; Brooks, 2003; Turner et al., 2003; Holling & Gunderson, 2002; McCarthy et al., 2001) , which have later been applied for disaster-related research that assesses the vulnerability of the system affected. Therefore, the principal question is as follows: How to incorporate a vulnerability analysis in tourism to maintain its sustainability facing the disasters? In this paper, we present an analysis of vulnerability framework of natural disasters specifically in the context of tourism.
Literature review
In the context of hazards, vulnerability is the extent to which a community, system, or asset can be susceptible to damage caused by the hazard (UNISDR, 2012). While Turner et al. (2003) presented the Turner's Vulnerability Analysis for Sustainability Science, TVASS (Figure 1 ), which was aimed at consistently framing vulnerability analysis for research in both sustainability science and global environmental change. Specifically, TVASS's adoption for identifying vulnerabilities of a tourist destination has been confirmed, including its dynamism and differential nature of vulnerability in which populations, characteristics and driving forces of vulnerability changed over space and time (Vogel & O'Brien, 2004) , all of which help acknowledge various post-events feedbacks of vulnerability back into the system. Moreover, TVASS recognises that an individual's or group's exposure, sensitivity and resilience to shocks is directly linked to access and entitlements towards resources at a given location as well as places they experience in a wider context (Calgaro & Lloyd, 2008) . This allows the determination of factors and processes that influence a subject's vulnerability over time and place GEOGRAFIA Online TM Malaysian Journal of Society and Space 15 issue 4 (137-150) © , e-ISSN 2682 © -7727 https://doi.org/10.17576/geo-2019 © -1504 TVASS framework is based on two archetypal reduced-form models that discussed vulnerability analysis: Risk-Hazard (RH) and Pressure-and-Release (PAR) models (Turner et al., 2003) . Burton et al. (1978) and Kates (1985) used the RH model to understand the impact of hazard as a function of exposure to the event and dose-response (sensitivity) of the entity that was exposed. On the other hand, the PAR model was explicitly a function of the perturbation, stressor, or stress related to the vulnerability of the exposed unit (Blaikie et al., 1994) . Importantly, the development of vulnerability analysis depicts three major concepts: entitlement, coping through diversity and resilience (Kasperson et al., 2012) . These concepts were deliberately adopted in Turner's vulnerability framework in the context of exposure, sensitivity and resilience.
Consequently, TVASS helps identify the following elements for vulnerability analysis which are specifically aimed at advancing sustainability: (i) multiple interacting perturbations and stressors/stresses, (ii) exposure beyond a perturbation and stressor/stress's presence, (iii) sensitivity of a coupled system to exposure, (iv) a system's capacity to cope or respond (resilience), (v) adjustments/adaptations (system's restructuring after responses are considered), and (vi) nested scales and scalar dynamic of hazards, coupled systems as well as their responses (Turner et al., 2003) . Note that the identified elements are predicated through synergy between human and biophysical subsystems, which both are rooted towards sustainability. In turn, drive Turner's vulnerability framework's coherent goals towards sustainability. Furthermore, Turner et al. (2003) emphasised the basic architecture for the vulnerability analysis framework: (i) linkages to a broader human and environment conditions and processes that operate on the coupled system, (ii) perturbations and stressors/stress emerging from these conditions and processes, and (iii) coupled human-environment system of concern in which the vulnerability exists such as exposure and responses (coping, impacts, adjustments and GEOGRAFIA Online TM Malaysian Journal of Society and Space 15 issue 4 (137-150) © 2019, e-ISSN 2682-7727 https://doi. org/10.17576/geo-2019-1504-10 140 adaptations). Note that all the elements are interactive and scale dependent; therefore, the hazards arose from external and internal influences because of their complexity, nonlinearity and place-based systems. Furthermore, the sensitivity was commonly determined via humanenvironment conditions of the system (which considers effects of the coping mechanism as well as impacts of the experienced exposure). Collectively, the outcomes would help determine the system's resilience and effect of other scalar dimensions of the problem (Turner et al., 2003) . Specifically, TVASS has been highlighted as the fundamental vulnerability analysis within tourism vulnerability frameworks for disasters such as (i) Sustainability Vulnerability Framework, SVF (Calgaro & Lloyd, 2008) ; (ii) Destination Sustainability Framework, DSF (Calgaro et al. 2014) ; and (iii) Tourism Disaster Vulnerability Framework, TDVF (Becken et al., 2014) .
i. Sustainability Vulnerability Framework (SVF)
Calgaro and Lloyd (2008) constructed the Sustainability Vulnerability Framework (SVF) ( Figure  2 ), which is structurally quite similar with the original of Turner's framework. However, the difference lies in certain additional features of geographical concepts of relational scale and place in each component of vulnerability frameworks to expose the underlying socio-political processes and to fulfil analytical requirements that analyse various social actors that use scaled socio-political processes and structures (Calgaro & Lloyd, 2008) . Therefore, SVF is able to explore the socio-political and environmental factors that trigger a tourism destination's vulnerability. ii. Destination Sustainability Framework (DSF) Calgaro et al. (2014) provided an improved Destination Sustainability Framework (DSF) ( Figure  3 ) that encapsulated six elements of vulnerability along with the additional combination concept of System Approach. Purposely, DSF was used to guide the identification and analysis of factors and processes that created and perpetuated vulnerability of tourism destinations and identify factors for resilience along with social actors and agenda that could drive both action and nonaction (Calgaro et al., 2014) . Therefore, DSF creates entry points and opportunities for adjustment and changes to the system (tourism destination). Similar to SVF, DSF applies geographical concepts of relational scale and place along with the additional element of time to overcome hierarchical notions of scaled actions and processes, which can shape destinations and their vulnerability levels over space and time (Calgaro et al., 2014) . Moreover, DSF applies specific primary factors to shape each dimension of vulnerability and provide researchers with an analytical focal point. However, these factors are not rigid; they are rather of the malleable form and based on the type of event that destabilises the system, as well as are characterised by the type of places (destinations) and population that is affected, in addition to the focus of research questions (Calgaro et al., 2014) . To summarise, these three Turner-applied frameworks in tourism vulnerability to disasters have demonstrated that each framework adds value and richness to the concepts of tourism vulnerability framework. However, those frameworks are lacking to construct a detailed-on interaction of human-environment relationship in their framework. As the human-environement relationship is a core driver of sustainability science (Kates et al., 2001; Raven, 2002) , while the vulnerability is a central element in the human-environment system and for research in sustainability science (Kasperson & Kasperson, 2001) . Thus, emphasization of this interaction in a vulnerability analysis would helped to build our understanding of the human-environment relationship with the objective to meet the society's requirements while sustaining various life support systems (Turner et al. 2003b) , as the tourism also has no exception to bear this humanenvironment interaction in their system. Therefore, the objective of this paper is to incorporate the element of human-environment interaction into the vulnerability analysis framework of GEOGRAFIA Online TM Malaysian Journal of Society and Space 15 issue 4 (137-150) © 2019, e-ISSN 2682-7727 https://doi.org/10. 17576/geo-2019-1504-10 143 tourism to fill the gap by adopting the TVASS as a fundamental framework to construct the proposed framework. Importantly, TVASS builds on progress using the concept sustainability science (as the goal) and can be usefully modified by borrowing from other vulnerability frameworks to better match the focus provided by DRR (Becken et al., 2014) .
Methodology
To execute the objective, a review of the literature has been conducted with the aim to establish a comprehensive framework of Vulnerability Framework for Sustainable Tourism Development (VFSTD) comprising several dimensions that providing the useful guide to analyse the tourism vulnerability in more nuance insight. To review the literature, different scientific papers reference to vulnerability approach and sustainable tourism development from different academic databases were analysedthis including Google Scholar, SCOPUS and Science Direct databases. These databases are used to encourage wide searching activities of related research papers.
Results and discussion
Vulnerability Framework for Sustainable Tourism Development (VFSTD)
Accordingly, there are four basic elements constructed in VFSTD ( Figure 5) , namely: (i) shocksstressors, (ii) exposure, (iii) sensitivity and (iv) system adaptiveness. The VFSTD approach is aimed to determine the vulnerability of a tourism destination affected by a natural disaster or hazard towards sustainability. Importantly, the VFSTD adds suggestions for features in each element that can be used to provide users with focus lanes regarding vulnerability in tourism context. However, the listed features are not rigid, but malleable, changeable and are based on the type of destabilising event, the destination characteristics, unit analysis and the focus of research questions.
a. Shocks-Stressors Element
The shocks-stressors element (the event that destabilises the system) is the starting point of VFSTD. As noted, the shocks-stressors element itself does not cause the vulnerability; rather, it acts as the trigger that reveals vulnerability and influences the impact on the system over space and time (Wisner et al., 2004) . Conceptually, there is a subtle distinction between shocks and stressors. According to Calgaro et al. (2014) , shocks are rapid onset events (terrorist acts, natural disasters, health epidemics) and unanticipated events in terms of the frequency, size and form of these events. Stressors are slow-onset events and are commonly manifestations of the interactions between humans and their environment that places increasing pressure on a localised system over time. Examples include climate change, a rise in sea level, water shortages, environmental degradation and economic downturns. It is also important to highlight that both types may take place either at a destination, near a destination, or even removed from the destination (e.g. regional events), although both types have the potential to disrupt the flow of tourists (Calgaro et al., 2014) . Consequently, a resource-based community needs to respond effectively to each different type of shocks or stressor, which may slowly culminate in circumstances that can overwhelm the system (Cutter, 2003) . To deal with it, and respond to the compound effects of multiple shocks and stressors on the flow of tourists, is a constant challenge for tourism destinations (Biggs, 2011) . Therefore, VFSTD is sensitive to multi-hazards and can accommodate multiple and overlapping shocks and/or stressors in the framework analysis (pictured as red circle).
The Body of VFSTD
Vulnerability to a hazard is expressed by the factors of exposure, sensitivity and adaptive capacity (Yusuf & Francisco, 2009 ). Adger (2006) also stressed that vulnerability is conceptualised as a combination of components that include exposure and sensitivity to perturbations or external stresses and the capacity of a system to adapt. Thus, the VFSTD's foundation of interconnected elements, composed of exposure, sensitivity and system adaptiveness which form the body of VFSTD. Importantly, the significant features added to the body of VFSTD are the incorporation of the element of Power and Sources, as the fulfillment of the gap and representing the human-environment relationship. Conceptually, both elements are catalyst for vulnerability (Birkmann 2006 ) as the Sources are referring to the place-and systemspecific which characterised by the population (Adger, 2006) , while Power is considered as social capacity used by individual, networks or organization to control or manipulate the actions (Howitt, 2001) . Accordingly, VFSTD refering Sources as tourism and Power as social capital which both are contextualized as human-environment interaction that incorporated into the framework.
a. Power: Social capital
There are three main types of social capital: (i) bonding social capital, (ii) bridging social capital and (iii) linking social capital (Szreter & Woolcock, 2004) . Bonding social capital determines internal ties and the strong bonds between people who are emotionally close, such as family members and relatives (Aldrich & Meyer, 2015; Ruiu et al., 2017; Sanyal & Routray, 2016) . Bonding social capital also refers to horizontal relationships among a network of members with similar socio-economic status, or from the same ethnic background (Putnam, 2000) . A close relationship could offer social support and immediate assistance when a disaster strikes (Guo et al., 2018) . Bridging social capital refers to loose, weak, external ties among heterogeneous individuals such as friends, community neighbourhoods and other tourism business operators (Guo et al., 2018) . Szreter and Woolcock (2004) defined bridging social capital as the relationship among people who are distinctly dissimilar in terms of age, socio-economic status, race/ethnicity and education. This open and inclusive bridging social capital is based on common interest and is a critical factor for gathering information and lending external assistance (Agnitsch et al., 2006; Sanyal & Routray, 2016) . Linking social capital depicts connections with institutions and political structures such as non-governmental organisations (NGOs), industry associations and local tourism authorities (Guo et al., 2018) . Linking social capital also presents a vertical relationship network that reflects trust in relationships with authorities and it is effective for mobilising resources and power (Poortinga, 2012; Bhandari, 2014) . As highlighted feature, Social Capital defines the local social capital characteristics (bonding, bridging and linking) within the tourism community.
b. Sources: Tourism
The tourism experience conducted by the host often characterised by environment (physical and culture) of the destination. Dregde and Jenkins (2003) explained the production of tourism products often influenced by the destination image or icon that encompasses the interaction within multi-scale of business and services including accommodation, guidance, marketing, operation and duration of the interaction. While, destructive events like natural disasters, unstable politics activities and disease outbreak have caused chaos to tourism operation which influencing tourists' perceptions towards the affected destinations (Ritchie, 2008) . Thus, tourists chose to not visit the unsafe with negative image of tourism destination (Scott et al. 2008) . To respond the issue, tourism operation started to implement the Natural Disaster Management (NDM) in their development. The NDM is useful in providing a preparatory response, emergency, recovery as well as long-term adjustment strategy (Faulkner, 2001) . Therefore, Sources present the identity of the tourism community and its activities, including the size of the tourism business, types of products, types of activities, period of business operation and their tourism disaster management plan.
c. Exposure element Clark et al. (2000) defined exposure as the degree to which an exposure unit (who or what) comes into contact with stressors or shocks. Exposure is also expressed as the degree of risk a system faces from natural disasters (Tsao & Ni, 2016) , an attribute of the relationship between the system and perturbation (Gallopin, 2006) , as well as a product of physical location and the character of the built and natural environment (Pelling, 2003) . Operationally, the shocksstressors are the contact with the exposure as the expression of the interaction of natural hazards with the tourism community, within the broader context of social capital changes.
d. Sensitivity element
Sensitivity is defined as the degree to which a community or group is affected by exposure to stresses (Clark et al., 2000) and it reflects the pre-existing capital conditions that build anticipatory and response capabilities (Pelling, 2003) . It also represents limited livelihood options and seasonality (Moser et al., 2001) . Sensitivity also lists similar two components abovementioned. Social capital manifests networks and connectedness, group membership, relationships, and levels of trust and reciprocity (Calgaro et al., 2014) . As discussed previously, this social capital provides the ability to encourage the recovery of communities in the aftermath of disasters. However, social capital also may foster social exclusion, manifested through dominant power structures and historically embedded cultural norms (DFID, 1999) .
e. System Adaptiveness Element
System adaptiveness often refers to a dynamic state in which a population or system is effective in responding to the convergence of multiple stresses. At the same time, it incorporates anticipatory actions for preparedness, short-term responses, long-term adjustment and the acknowledgment of subsequent feedback (Nelson et al., 2007) . Accordingly, the final elements of VFSTD are the system adaptiveness that comprise: (i) short-term adaptiveness (immediate GEOGRAFIA Online TM Malaysian Journal of Society and Space 15 issue 4 (137-150) © 2019, e-ISSN 2682-7727 https://doi. org/10.17576/geo-2019-1504-10 146 coping responses) and (ii) long-term adaptiveness (adjustment of social capital and tourism features). Tompkins and Adger (2004) stressed that the impact of, and coping responses to, shocksstresses (called short-term adaptiveness in VFSTD) depends on the accumulation of available social capital including the effectiveness of governance structures, levels of preparedness and the capacity to learn at the time of the shock's impact or the breaching of the stressor's tipping point. In VFSTD, this interaction is depicted by the arrow, which connects the exposure-sensitivity to short-term adaptiveness, in order to determine the subsequent utilisation of the available social capital and tourismthe immediate coping response to aid the reorganisation of the system in post-disaster events. The short-term adaptiveness then generates the long-term adaptiveness (social capital and tourism adjustment), which involve self-reflection, self-organisation, selflearning and the ability to consider any emerging opportunities for adjustment. The intervention or adjustment in this stage is crucial in fathoming future social capital and tourism vulnerability, which may lead to either positive or negative changes.
The addition of feedback in VFSTD indicates the 'transformation' or changes, and is based on the outcome of the actions, failed actions, or passivity in the short-and long-term adaptiveness response. These then disperse back into the system and decide the new levels of exposure and sensitivity to future destabilising events (Cunliffe, 2006) . Notably, these actions can generate both positive and negative outcomes for different stakeholders or populations (McKercher, 1999) . Calgaro et al. (2014) highlighted that interventions that address pre-existing weaknesses in the system would increase preparedness, social cohesion, learning and exchange, enhance access and entitlement to resources and redress power inequities. These factors may, in turn, decrease future exposure and sensitivity to shocks-stressors as well as enhance future adaptation. They also noted that a lack of adaptation, and/or failure of adaptive strategies, merely compounds exposure and sensitivity which can increase vulnerability levels. Feedback in TSVF is structurally presented by the back arrow, which indicates the positive, and/or negative feedback, which had been translated back into the system and determine new forms of vulnerability in the future. Importantly, this feedback may serve as a cornerstone towards tourism sustainability by ensuring stability and consistency of the system development cycle while facing the unstoppable hazards and changes. Besides that, the feedback also serves as the "turning point" that open up the integration of vulnerability approach into the sustainable tourism development as a system in the cycle. 
Conclusion
Across all the vulnerability frameworks in tourism context, this paper responds to the need for vulnerability analysis of tourism destinations to aid tourism sustainability especially for those destinations that face unavoidable or possible natural disasters. To capture the vulnerability analysis in the sustainable tourism context, Vulnerability Framework for Sustainable Tourism Development (VFSTD) is constructed as the core findings by adopting the Turner framework due to its coherent goals to encourage sustainability science through the vulnerability concept. VFSTD comprises four main elements, namely: (i) shocks-stressors, (ii) exposure, (iii) sensitivity and (iv) system adaptiveness. Importantly, the main features of Sources (tourism) and Power (social capital) are listed as the focal point for analysis, which influence each element in VFSTD. Importantly, both features of Sources and Power are contextualized as the human-environment interaction. Those elements are flexible and changeable to include the characteristics of the particular destination and population in each study. Particularly, users of VFSTD would able to explore the factors and processes that create and perpetuate vulnerability to natural disasters in tourism destinations, and elicit adjustment and feedback to encourage the tourism sustainability more holistically. This will bring more wide perspective to the planning as well as decision and policy making process of tourism development and its sustainability goal. Therefore, empirical evidents are required by applying the VFSTD in future tourism vulnerability analysis to acquire more information and findings for more fruitful application and significant of VFSTD.
